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SUMMARY

Compatibility studies of cesium varor with selected materials tested for 48
hours at 500°, 800°, and 1200° F in a cesium vapor atmosphere at pressures of ap-
proximately 0.5, 28, and 267 Torr, respectively, are presented. For comparison,
control samples were tested under similsxr conditions of time and temperature in
a vacuum of approximately 10-6 Torr.

The test materials included the following: refractory metals: tungsten,
molybdenum, and tantalum; iron-base alloys: 1020 steel (cold rolled) and type
304 stainless steel; nickel-base alloys: L-nickel, A-nickel, Inconel X, and
B-monel; copper-base alloys: copper (electrolytic tough pitch (ETP)), bronze
(leaded phosphor bronze), and brass (Muntz metal); precious metals: platinum,
gold, and silver; light metals: aluminum (Alclad 24ST) and magnesium; nommetals:
Mycalex, Mykroy, lava, Morganite, and =apphire.

Metallurgical examination indicated that the following tested materials were
attacked by cesium vapor to varying degrees: copper, brass, bronze, gold, sil-
ver, aluminum, magnesium, Mycalex, Mykroy, and lava.

INTRODUCTION

The alkali metals, group I of the periodic table, include the better known
metals lithium (Li), sodium (Na), and potassium (K) and the lesser known metals
rubidium (Rb), cesium (Cs), and francium (Fr). As a family of elements, they
combine with most nonmmetals, displace hydrogen from water and most inorganic
acids, and reduce the oxides or chlorides of many metals. Their similar chemical
properties are explained by the single electron in the outermost shell of each
atom, and the degree of their chemical activity generally follows their position
in the electrochemical series: Fr > (s > Rb > K > Na > Li (refs. 1 and 2).
Representative values of the more comrion physical properties of these metals are
listed in table I.

Because of their relatively low ionization potentials (i.e., the work done
in removing an electron from an atom), the alkali metals have been considered
for use in advanced space-power systens such as electric rockets (refs. 3 and 4).
In these systems, thrust is proporticnal to the mass of the propellant. The pri-




mary emphasis, therefore, has been placed on cesium as a propellant because it
has the highest atomic weight (132.91) and the lowest ionization potential
(3.87 v) of the stable alkali metals. (Francium has no known stable isotope
(ref. 5).) 1In addition, cesium has also been used in energy-conversion schemes
such as the cesium-vapor diode tube (ref. 6) and in power-generation systems
using magnetohydrodynamic principles (ref. 7).

As the technology of these systems advanced, it soon became apparent that
there was a need for more information on the compatibility of cesium vapor with
materials used in the construction and testing of these devices. Although
liquid-metal corrosion data are available for the alkali metals (ref. 8), very
little has appeared in the chemical and metallurgical literature on the vapor-
phase compatibility of these metals, particularly cesium. The reports that have
appeared on the effects of cesium on materials (refs. 9 to 13) are qualitative in
nature and in disagreement in many areas. Consequently, a preliminary systematic
investigation was undertaken at the NASA Lewis Research Center (as a part of the
electrostatic-rocket-engine research program) to test several common materials in
cesium atmospheres. The test materials included the following:

(1) Refractory metals: tungsten, molybdenum, and tantalum
(2) Iron-base alloys: 1020 steel (cold rolled) and type 304 stainless steel
(3) Nickel-base alloys: L-nickel, A-nickel, Inconel X, and B-monel

(4) Copper-base alloys: copper (electrolytic tough pitch), bronze (leaded
phosphor bronze), and brass (Muntz metal)

(5) Precious metals: platinum, gold, and silver

(6) Light metals: aluminum (Alclad 248T) and magnesium

(7) Nonmetals: Mycalex, Mykroy, lava, Morganite, and sapphire

Semples of each of these materials were tested for 48 hours at 500°, 800°,
and 1200° F in cesium-vapor atmospheres at pressures of approximately 0.5, 28,
and 267 Torr, respectively. FYor comparison, control samples were tested under
similar conditions of time and temperature in a vacuum of approximately 10-6
Torr.

The primary purpose of this study was to screen quickly the gross, short-
term effects of cesium vapors on materials at temperatures up to 1200° F. 1In
addition, the materials were metallurgically examined, and, in some cases, the
mode of attack was postulated for those that were affected by cesium.

MATERIALS AND APPARATUS

Cesium

The cesium used in this study was supplied in the liquid state from a com-



mercial source to a specification of 99.0-percent minimum purity. A spectro-
graphic analysis of the alkali-metal Impurities of a representative sample of
this material was as follows:

Impurity Percent

Rubidium 0.50

Potassium .40
Sodium .02
Lithium . 005

An analysis at this laboratory of the oxygen content of the cesium (by the proce-
dure described in refs. 14 and 15) yielded values in the range 0.25 to 0.30 per-
cent. These values, however, must be considered as only an indication of the
oxygen content and not as absolute values because the several analytical tech-
nigques now in use were originally established for oxygen determinations in sodium
(refs. 14 to 16), and their applicability to cesium is not considered completely
reliable at the present. Actually, the absolute value of the oxygen content
could be as much as a factor of 10 higher thsn the analyzed values.

To prevent any further contaminatior., the cesium was supplied and stored in
hermetically sealed, Pyrex-glass capsules. It has been reported (ref. 9) that
over a long period of time cesium attacks glass by removing oxygen from it, espe-
cially at elevated temperatures. The corrosion is negligible, however, under
500° ¥, and thus oxygen pickup from the zlass capsules is considered negligible
under these room-temperature storage coniitions.

Test Materials

The selected materials used in this study are listed in table ITI along with
their typical composition limits and aprroximate melting points (from ref. 17).
The precious metals (silver, gold, and platinum) were specially procured to a
specification of 99.9-percent minimum purity. All the other materials were of
standard commercial grade obtained from the stock supply at this Center. The
compositions listed in table II, therefore, are merely typical compositions.
Since the main purpose of this investigution was to study the effects of cesium
vapor on common materials, no attempt wis made to control the composition and
purity of the test materials.

Test Apparatus

The tests were conducted in a stainless-steel, cylindrical, vacuum chamber
(fig. 1) that was 3.8 inches in diameter and 13.3 inches long (inside dimen-
sions). The specimens were supported :n the test chamber by a removable specimen
rack that kept the samples separated during the test. A cesium ampoule was sus-
pended above the specimen rack along w_th a bellows~type mechanical plunger that
" was used to break the ampoule at the s:art of the test phase. The entire test
. chamber was anchored in an electrically heated muffle furnace, and the tempera-

. ture distribution within the chamber was monitored by a series of thermocouples



held in a thermocouple probe.

A vacuum pumping system was connected to one end of the test chamber, and a
butterfly-valve (damper-type) assembly was located at the mouth of the test cham
ber to restrict the cesium vapor to the test area. The vacuum pumping system
(consisting of a mechanical forepump, an oil diffusion pump, and a liquid-
nitrogen cold trap) was capable of reducing the pressure in the test chamber to
approximately 10-6 Torr. After the test system was evacuated to 8x10-6 Torr,
heated, and isolated from the vacuum pumping system, the overall pressure rise
was measured. This pressure rise is plotted in figure 2.

In order to determine approximately the outgassing rate of the stainless-
steel chamber used in this investigation, the following equation was used:

. 1 v 1 AP .
Outgassing rate = (Kg)(iﬁ66>(§€66)(2?) (mm Hg)(liters)/(sec)(sq cm)
or
. 7y v (AP .
Outgassing rate = (2.78x107") i\~ (mm Hg)(liters)/(sec)(sq cm)
S
where
Ag surface area, sq cm
— volume, cu cm
1000 s G
AP .
N rate of pressure rise, mm Hg/hr

For the time (48 hr) and the chamber size (volume, 6088.3 cu cm; surface area,
2515.9 sq cm) of this investigation, the outgassing rates at 500°, 800°, and
1200° F were 2.0x1079, 2.5x1078, and 8.0x1078 (Torr)(liter)/(sec)(sq cm), respec
tively. The measured value for stainless steel at 25° C is 8x10~9 (Torr)(liter)
(sec)(sq cm) (ref. 18). Since there are many factors involved in determining
outgassing rates of various materials under different conditions, no attempt was
made to extrapolate the value for 25° C to the test temperatures. Consequently,
it was assumed that evolving gases that had been absorbed in the stainless-steel
walls of the chamber accounted for the pressure rise in figure 2. The actual
leak rate of the system, therefore, must have been low and probably had only a
minimum effect on the test conditions.

Cesium Handling
The cesium capsules used in the tests were approximately 2.5 inches long

and 0.5 inch in diameter. Prior to being filled with cesium, each capsule was
wagshed thoroughly with a detergent and immersed in hot chromic acid for several
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hours. After several rinsings with distilled water and ethyl alcohol, the cap-
sule was dried in an oven and weighed. By means of a stainless-steel, vacuum-
tight adaptor, the capsule was attached t> a laboratory-bench vacuum system (con-
sisting of a small mechanical forepump anl a mercury diffusion pump) and evacu-
ated to 10-% Torr. During the evacuation, the capsule was heated with an infra-
red heating light placed close to the glass ampoule. The small valve of the
adaptor was closed, and the entire assembly, with the evacuated capsule, was re-
moved from the vacuum train and placed ir. a dry box.

The dry box, an airtight rectangular chamber of stainless steel, was purged
with purified and dried helium. Access to the inside of the box was possible by
means of rubber gloves securely fastened to port holes. Prior to any cesium
transfer, small getter ampoules of cesiur were purposely broken in the chamber to
ensure that all the detectable oxygen was removed. After the adaptor was re-
moved, the capsule was filled with the desired amount of cesium by means of a hy-
podermic syringe with a stainless-steel :1eedle. The closed adaptor was placed on
the filled capsule, and the entire assemoly was removed to the vacuum train for
evacuation to 10-4 Torr. The capsules ware sealed while still attached to the
vacuum system. The difference between the weighed empty capsule and the evacu-
ated cesium~filled capsule gave the net amount of cesium in each capsule.

Sample Preparation and Testing

The specimen samples, approximately 2.5 inches long and 1 inch wide and
varying in thickness from 0.25 to 0.015 inch, were buffed to a dull luster to re-
move any scratches on the surfaces and cleaned with acetone and ethyl alcohol to
remove any organic films. For expediency, several materials were tested in each
run. Samples of the materials were susiended in the specimen rack and placed in
the test chamber. The butterfly valve and the vacuum valve were left open while
the test chamber was evacuated to approximately 10-6 Torr and subsequently heated
to the desired test temperature. Pumpiag was continued for about 12 hours with
the chamber at temperature in an attempt to minimize the effects of chamber out-
gassing. The vacuum valve and damper valve were both closed before the cesium
capsule was broken.

After the run was completed, the test chamber and contents were allowed to
cool slowly to room temperature, and helium was subsequently bled into the sys-
tem. The chamber was transferred to tle dry box, where it was opened, and the
samples were removed. The samples were then washed with anhydrous ethyl alcohol
and placed in a desiccator. Rarely was any cesium found beyond the damper valve
or in the liquid-nitrogen cold trap. "he fact that most of the cesium was found
in the vicinity of the specimens indicated that the damper valve was effective
in containing the cesium vapor and tha: pressures near the calculated values
probably existed in the test chamber diring the test.

For comparison, samples identical to those tested in cesium were subjected
to the same temperatures in a static vacuum of about 10=6 Torr. Procedures were
similar to those used in the cesium tests except that the cesium capsule was not
broken. This test was performed in order to differentiate between cesium and

thermal effects on the test samples.



Cesium Pressure

The amount of cesium used was governed by the size of the ampoule that would
£it in the apparatus. The maximum emount that could be contained was approxi-
mately 4 grams, and this amount of cesium was used in each of the test runs.
Since there was no gage to measure the pressure in the cesium atmosphere, the
pressures of cesium at 500° and 800° F were established by its vapor pressure;
they were 0.5 and 28 Torr, respectively (ref. 19). At 1200° F, however, 4 grams
of cesium were not sufficient to maintain a vapor-liquid equilibrium with the
metal in the test chamber. If it is assumed that all the cesium had vaporized
and that it is a monatomic gas that obeys the ideal gas laws, the calculated ce-
sium pressure at 1200° F is 267 Torr.

Metallographic Examination

Metallographic specimens were sectioned from each test sample with a water-
cooled cutoff saw. Water cooling was used to minimize the effects of cutting on
the cross sections of the samples. The specimens were mounted individually in
either Bakelite or Hysol with the cross sections visible. The selection of the
mounting material depended on the hardness of the test material in the "as-
received” state. The same mounting material was used for all samples of each
test material, however. The mounted specimens were polished, etched, examined,
and photographed by the application of metallographic techniques conventionally
used for each of the materials.

Rockwell hardness tests were made on the surfaces of most of the metallic
test samples. These measurements were made on the sections not utilized for
metallographic study. The samples of some of the test materials (tantalum and
the precious metals) were too thin to obtain reliable surface-hardness readings;
therefore, the Rockwell hardness tests were omitted for these materials.

Microhardness tests were made with the Vickers diamond-pyramid indentor on
the cross sections of all the metallic specimens. These tests were performed on
the mounted specimens after the metallographic examination was completed. Be-
cause hardness measurements were difficult to make with the nonmetals, these
measurements were not obtained for any of these materials.

FACTORS IN INTERPRETATION OF RESULTS
Sample Contamination

Ideally, each material should have been tested by itself in order to deter-
mine the actual influence of cesium vapor, and, in addition, extremely high-
purity materials should have been used. For expediency in this test series and
to simulate operating conditions more nearly, however, several commercial-grade
materials were grouped together and tested simultaneously. Because of this si-
multaneous testing, many of the observed effects of the test conditions were
probably biased by cross contamination from neighboring samples.



Oxygen Contamination

The role of oxygen must be given serious consideration in any gas-phase com-
patibility study, and particularly with the use of cesium since it has a high af-
finity for oxygen. In this series of tests, several sources were available to
supply oxygen to the metal-cesium interface; namely, residue oxygen present in
the vacuum system, oxides in the cesium, outgassing of the test chamber, cross
contamination, or the test material itself. Comparison of the negative free
energies of metal oxides with that of cesium oxide (see ref. 20) indicates the
stability and probability of various mesal oxides forming in a cesium atmosphere
with oxygen present. In most cases, cesium has a much greater affinity for oxy-
gen than do the constituents of the test materials; thus, oxlide coatings or in-
clusions in the test material were probably reduced by cesium. This is really
not the effect of cesium on a pure material, however, but rather the reaction of
cesium with oxygen.

Effects ¢f Temperature

In a study of this type, the test temperature could appreciably alter the
structure of the test materials. ©Such temperature effects as phase transforma-
tions, changing solubility limits, and increased diffusion rates all add to the
difficulty of interpreting the test results. The use of duplicate samples sub-
jected to similar temperature conditions ia cesium and in vacuo helped to distin-
guish between the results of cesium efifects and temperature effects.

RESULTS AND DISCUSSICN
Refractory Metals

Tungsten and molybdenum. - Results of the metallurgical examination of the
samples of these metals did not reveal any appreciable change as a result of the
various test conditions. This is shovn in the microstructures of the cesium- and
vacuum-treated samples that are compared to those of the as-received samples in
figure 3 for tungsten and figure 4 for molybdenum. The Rockwell hardness and
microhardness data for these and all other test samples are summarized in tables
IIT and IV, respectively. The hardneiss values for both tungsten and molybdenum
tend to confirm the metallographic observations since no appreciable change in
hardness of samples of these materials resulted from any of the test conditions.

Tantalum. - A tarnishing effect was noticed on all tantalum samples tested.
Since the same results were observed on both cesium- and vacuum-treated samples,
this tarnishing is not considered to be a result of cesium ccrrosion but, more
likely, a result of oxidation of the surface by the oxygen present in the test
atmosphere.

Examination of the microstructures (fig. 5) and microhardnesses (table IV)
of the samples tested at 500° and 800° F compared with those of the as-received
samples failed to reveal any appreciable differences resulting from the test con-
ditions. The samples tested at 1200° F, however, demonstrated more than a two-



fold increase in microhardness over those of the samples tested at lower tempera-
tures. The microstructure of the 1200° F cesium-treated sample (fig. 5(g)) was
much cleaner and freer of inclusions than those of the other samples; however,
the similarly tested vacuum-treated sample (fig. 5(d)) demonstrated a dark
needlelike structure similar to that found in hydrogen-embrittled tantalum

(ref. 21). This embrittlement probably resulted from the presence of hydrogen in
the test system supplied by the outgassing of nearby test samples and/or the test
system. The embrittlement was not as severe in the cesium tests because the
higher pressure of this atmosphere tended to reduce the amount of outgassing.

The increased hardness of both samples tested at 1200° F, however, is considered
to be due to the increased solubility of hydrogen and the higher diffusion rates
at this temperature.

It is thus concluded from these tests that tantalum is probably not greatly
affected by pure cesium up to 1200° F, but that even very small quantities of hy-
drogen in the cesgium atmosphere may cause drastic changes in the structure and
resultant properties during elevated-temperature operations. Since tantalum
allows relatively large solubility of other interstitial elements, such as oxygen
and nitrogen, it is quite possible that small quantities of these elements in the
operating atmosphere may also adversely affect tantalum.

Iron-BRase Alloys

1020 Steel (cold rolled). - This material exhibited excellent resistance to
cesium attack, but other effects were noted. The surfaces of the samples were
tarnished as a result of testing in both cesium and vacuum. This tarnishing re-
sembled light rusting commonly found in this type of material and was probably
due to surface oxidation from the oxygen in the cesium and/or from that vaporized
out of nearby samples. No appreciable change was observed in the microstructure
(fig. 6) or the hardness data (tables IIT and IV) for the samples tested at 500°
and 800° F. Both the microstructures and hardnesses of the vacuum- and cesium-
treated samples were appreciably affected, however, by the test temperature of
1200° F. Thig test temperature actually subjected the material to a softening,
spheroidizing anneal (i.e., the carbide precipitates formed into very small
spheres that could only be resolved at high magnifications). Thus, the highest
temperatures removed all strengthening effects of prior heat treatments and cold
work, but the test atmosphere had no appreciable effect on this material.

Type 304 stainless steel. - As in the case of 1020 steel, slight tarnishing
of the surfaces was observed in samples tested at 800° and 1200° F in both vacuum
and cesium atmospheres. Again, this is believed to be the result of vaporization
of impurities from nearby samples in the test chamber. Comparison of the micro-
structures of the 1200° F samples with those of the samples subjected to lower
temperatures (see fig. 7) indicates that the highest test temperature also caused
recrystallization of this material. Note that most of the effects of prior work-
ing were removed by the 1200° F heat treatment. The irregular surfaces in most
of the photomicrographs indicate that some of the alloying constituents probably
vaporized from these samples. Cesium, however, apparently had no adverse effects
on the samples of this material.




Nickel-Base Alloys

L-nickel. - The samples of this material demonstrated a gradual decrease in
hardness with increasing test temperaturz, as indicated in the data of tables III
and IV; the largest difference, a decrease of 10 points on the Rockwell C scale,
occurred between 800° and 1200° F. The change in microstructure accompanying
this softening is shown in figure 8. Increasing the test temperature apparently
resulted in solution of some of the original grain-boundary precipitates. Since
similar results were observed in both vacuum- and cesium-treated samples, it is
concluded that L-nickel is not adversely affected by cesium.

A-nickel. - The composition of this material is similar to that of IL-nickel
except that A-nickel contains slightly larger amounts of the alloying elements
carbon, iron, and copper. A-nickel was also expected to be resistant to cesium
attack, therefore, but to be affected byr the test temperature under these test
conditions. This was found to be true and is demonstrated in the photomicro-
graphs of figure 9 by the similar solution of precipitates; in addition, slight
grain growth and narrow, fine-grained sirface layers are apparent. These effects
seem greater in the vacuum-treated samples than in those exposed to cesium. The
hardness values in tables III and IV coafirm the latter observation since the
vacuunm~treated samples were all softer than the corresponding cesium-treated sam-
ples. In addition, the hardness apparently decreased with increasing test tem-
perature, as expected with this type of material.

The hardness changes and fine-grained surface layers were believed due to
vaporization of scome of the minor alloying constituents of the A-nickel. The
discrepancy in hardness between comparsble cesium and vacuum tests was probably
due to the difference in pressure in the test atmospheres; that is, the low pres-
sures in the vacuum tests allowed greater vaporization than was allowed in the
higher pressure cesium tests. Since s:milar effects were noted in both cesium
and vacuum tests, it is concluded that cesium itself is probably compatible with
A-nickel. It is quite possible that prrolonged use of A-nickel in vacuum or any
low-pressure atmosphere, however, may :result in loss of strength to levels possi=-
bly below the design criteria.

Inconel X. - This material differs from the previous nickel-base materials
in that it depends on the precipitation of complex intermetallic compounds (pri-
marily carbides) for its high-temperature strength. These precipitates are quite
evident in the structures demonstrated in the photomicrographs of figure 10.
These photomicrographs indicate that the precipitates were present within the
grains and also at the grain boundaries of the samples. In many instances, the
precipitates outline the location of grain boundaries that were present at some
prior time in the fabrication history of the material. The photomicrographs of
figure 10 show essentially no change in microstructure, however, as a result of
any of the test conditions. With this observation, plus the fact that the hard-
nesses of the samples were not greatl;” affected by the test conditions, it is
concluded that cesium did not attack “he Inconel-X samples in this series of
tests.

B-monel. - The microstructures of samples of this material (fig. 11) demon-
strate a fine-grained surface layer similar to those found in the L-nickel and



A-nickel samples previously described. This zone was also probably due to vapor-
ization of some of the minor alloying constituents from the grains near the sur-
face. Since the hardness values (tables III and IV) were not appreciably af-
fected by the test conditions and similar results were exhibited in both cesium-
and vacuum~treated samples, it is concluded that cesium had no adverse effects on
B-monel under these test conditions.

Copper-Base Alloys

Copper (electrolytic tough pitch, ETP). - The photomicrographs (fig. 12) of
the test samples of this material indicate that both test temperature and cesium
affected the material. The effect of temperature on grain growth is quite evi-
dent, particularly when the test temperature is increased from 800° to 1200° F.
Subjection of samples of this copper to a cesium atmosphere apparently resulted
in the formation of a layer of fine grains at the exposed surfaces. This layer
is quite evident in the 1200° F, cesium-treated sample (fig. 12(g)). The Rock-
well surface-hardness readings (table III) confirm this result since the values
for the cesium-treated samples were consistently lower than those of the compa-
rable vacuum-treated samples.

The apparent cesium attack of copper may have been partly due to the oxygen
impurity of the test system previously mentioned. It may also have been due to
the oxygen content of the copper itself (0.04 percent); that is, the strong af-
finity of cesium for oxygen might have reduced any oxides present near the sur-
face of the test samples. It has previously been reported (ref. 12) that oxygen-
free copper withstands cesium attack at 500° F, but normal copper (with oxide in-
clusions) deteriorates rapidly under similar conditions. Oxygen-free copper,
therefore, may allow use of copper components in cesium atmospheres to a greater
extent than now seems possible with standard commercial copper. Electrolytic
(ETP) copper may even be usable in the lower temperature range; a sample of this
material subjected to a cesium atmosphere at 500° F for 200 hours in an additional
test exhibited no worse effects than those observed in samples that ran for 48
hours in this series of tests (fig. 12(e)).

Bronze ileaded phosphor bronze). - This copper-base material also appeared
to be slightly affected by the cesium atmosphere, as evidenced by the photomicro-
graphs of figure 13. Note that both the 800° and 1200° ¥ cesium-treated samples
exhibited irregular surfaces. This is probably the result of a reaction similar
to that observed with the previous copper samples; that is, reduction of the sur-
face oxides by the cesium atmosphere. The large decrease in hardness (table III)
noted in the 800° and 1200° F cesium tests is probably only a temperature effect
since a corresponding decrease in hardness was also noted in the comparable
vacuum-treated samples. In fact, this thermal softening effect was even greater
in the vacuum-treated samples, probably because of the increased vaporization
rate of the tin-rich phase in the lower pressure atmosphere. Since the effect of
cesium on these samples is relatively small, this material (like ETP copper) may
possibly be used in future cesium applications, for at least short durations, if
the quality of the material is closely controlled.

Brass (yellow, Muntz metal). - The effect of temperature on this material is
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demonstrated quite vividly in the photomicrographs of figure 14. It can be seen
that increasing the test temperature caused an increasing amount of intergranular
attack. Much of this attack is merely due to dezincification (i.e., diffusion
and vaporization of the low-melting, zinc-rich phase). In addition to the ther-
mal effects, though, there must have been some cesium attack of the samples since
the loss of the zinc phase appears greater in the cesium-treated samples despite
the higher pressure of the test atmosphere. In addition, the hardness (table
III) of the cesium-treated sample is grea:ier than that of the corresponding
vacuum~treated sample. Cesium, then, must have preferentially attacked the sec~
ond phase, and possibly formed a compound of cesium and zinc, as it traversed the
grain boundarlies of the sample. Thus, for any application involving cesium, or
even low pressures, this type of brass is unacceptable.

Precious Metals

Platinum. - The photomicrographs of figure 15 indicate that the test condi-
tions used in this study did not have anr appreciable adverse effects on plati-
num. The microhardness data in table IV also indicate no gross changes. Since
other studies (ref. 9) have indicated cesium attack of platinum under more severe
test conditions, it is quite possible that higher temperature and/or longer test
durations could result in substantial cesium corrosion.

Gold. - References 1 and 2 indicate that cesium forms a series of solid so-
lutions with gold; therefore, attack of the gold samples under these test condi-
tions could be expected. These expectations were confirmed by both visual and
metallographic examination of the samples. All the cesium-treated samples pos-~
sessed a dull, powdery surface layer; the 800° F sample showed the worst corro-
sion. The photomicrographs (fig. 16) of these samples show the extreme grain
growth due to temperature effects and the results of surface attack by cesium.
The attack appears greater at 500° and 800° F than at 1200° F. This apparent
anomaly 1s possibly due to the lower rae of adsorption and/or the higher solu-
bility limits in gold at 1200° F.

Silver. - Since silver is also known to alloy with other group I elements
(refs. 1 and 2), cesium attack might also be expected with this material. As
with the gold samples, grain-boundary attack and grain growth increased as a
function of increasing test temperature (fig. 17). The deterioration of the
grain boundaries is gquite evident in tle 800° F, cesium~treated sample (fig.
17(f)), and apparently a second phase ltas formed in the 1200° F samples (fig.
17(g)). Note also that the 1200° F, vacuum~treated sample (fig. 17(d)) shows
evidence of vaporization from the areas surrounding the surface grain boundaries.
The relatively high vapor pressure of silver at this temperature could be detri-
mental to the use of silver for long durations in low-pressure atmospheres.

Light Metals
Aluminum (Alclad 248T). - The results of this series of tests indicate that

this aluminum alloy is unusable in a cesium atmosphere above 500° F (see fig.
18). The Alclad-aluminum samples exhibited considerable reaction with cesium at
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800° F (fig. 18(e)) with the presence of three distinct surface zones. Micro-
hardness values of each of these zones exhibited a large gradient in hardness.
Note that the alloy core seems more prone to attack than the unalloyed cladding.
Attempts to run samples at 1200° F resulted in incipient melting, and thus the
results were disregarded.

As was the case with several of the previously discussed materials, oxygen
impurities in the cesium may account for the corrosive effect of cesium on alumi-
num. Since aluminum has a greater affinity for oxygen than does cesium, it is
quite probable that aluminum reduces any of the cesium oxide present in the at-
mosphere.

Magnesium. - Only two samples of magnesium were tested; these tests were at

500° and 800° ¥ in a cesium atmosphere. Both samples exhibited such severe
grain-boundary attack (fig. 19) that the testing was discontinued. Since magne-
sium has a low melting point, a high vapor pressure, and an apparent incompati-
bility with cesium, it is definitely not recommended for use in atmospheres of
this type.

Nonmetals

Mycalex and Mykroy. - These two commercially available compounds are repre-
sentative examples of glass-bonded mica composites that are used as electrical
insulators. Temperature effects were very pronounced on both materials. As the
test temperature increased from 500° to 1200° F, surface discoloration and ero-
sion resulted. Photomicrographs of the structures of these samples are shown in
figures 20 and 21. The Mycalex samples tested at 1200° F laminated and had the
appearance of the gross porosity in figures 20(d) and (g). Evidently the mate-
rials were tested above their useful working temperatures.

Since the surfaces of each of the cesium-treated samples appear rougher than
those of the corresponding vacuum~treated samples, it is assumed that cesium af-
fects these materials. Because these composites are a mixture of various sili-
cates of sodium, calcium, magnesium, aluminum, and so forth, the corrosive effect
of cesium may be explained by its reactivity with these various compounds.

Lava. - This material is primarily composed of magnesium silicate and is
often used as an electrical insulator. The structures shown in figure 22 indi-
cate that this compound is not compatible with cesium since even the body of the
material seems adversely affected by the cesium tests, particularly st 1200° F.

Morganite and sapphire. - These materials are composed of aluminum oxide and
are also considered for use as electrical insulators in proposed space engines.
There was no apparent effect of the cesium on either of the materisls. This ap-
parent compatibility is explained by the fact that aluminum oxide has greater
thermodynamic stability than cesium oxide (see ref. 19).

CONCLUDING REMARKS

When the compatibility results are applied to the selection of useful mate-
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tant of these factors are operating tempsrature and time., Many of the materials
that exhibited reactions in this study are not necessarily ruled out for use at
lower temperatures or for shorter times. Conversely, those materials that ap-
peared compatible with cesium under thege conditions may be completely unaccept-
able for uses with more severe temperatire and/or time requirements.

In order to predict cesium compatitility results for other test conditions,
it would be necessary to understand the basic mode of reaction. This would re-
quire a study of the true compatibility of cesium with other elements. In the
present study, the true compatibility wes masked somewhat by other reactions oc-
curring in the test system (e.g., cesium-oxygen reaction, cross contamination,
temperature and pressure effects, etc.). A cursory examination of the basic mode
of reaction, however, can be made from *his study by attempting to distinguish
the actual cesium-metal reactions from -she other spurious interactions. This
method of interpretation separates the major elements studied in this test series
into the following categories:

Elements that reactei|Elements that did not

with cesium react with cesium
Copper Tungsten

Zinc Molybdenum

Gold Tantalum

Silver Iron

Aluminum Nickel
Magnesium Cobalt

Platinum

It is noteworthy that all the elements that appeared to be compatible with cesium
in this study are transition elements that have unfilled inner electron shells.
This correlation suggests that the com»atibility of cesium with other materials
depends on the particular electron con’iguration of the base element in the mate-
rial. Considerably more research (wita ultrapure materials over broader test
conditions), though, is necessary before the reactiveness of cesium can be under-
stood.

Results for all the materials are shown in table V.

SUMMARY OF RESULTS

A study of the compatibility of cesium vapor with various commercial mate-
rials at 500°, 800°, and 1200° F showed that those attacked by cesium vapor to
varying degrees were copper, brass, bronze, gold, silver, aluminum, magnesium,
Mycalex, Mykroy, and lava. The materials that were not attacked by cesium vapor
included tungsten, molybdenum, tantalum, iron, nickel, cobalt, and platinum.

Lewis Research Center
Nationgl Aeronsutics and Space Administration
Cleveland, Ohio, May 10, 1933
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TABLE I. - SOME PHYSICAL PROPERTIES CF THE ALKALI METALS

[Data from ref. 10.]

Iithium|Sodium |Potassium|Rubidium {Cesium|Francium
Atomic number 3 11 19 37 55 87
Atomic weight 6.940 |22.991| 39.10 85.48 |132.91f 223
Specific heat, at 0° C,|0.7951 | 0.292| 0,173 0.0802 [0.0482| =---
cal/(g)(°C)
Melting point, °C 186 97.7 63.6 39.0 | 28.45| ---
Boiling point, ©C 1336 892 774 696 670 ===
Ionization potential, v| S5.37 5.12 4,32 4,16 3.87| ===




TABLE II. - MELTING POINTS AND TY.’ICAL, CCMPOSITIONS OF TEST MATERIALS

Material Approximate Typical composition,
melting po>int, percent
oF
Refractory metals
Tungsten 617C 99.9 W
Molybdenum 4730 99.9 Mo
Tantalum 5425 99.9 Ta

Iron-hase alloys

1020 Steel (cold rolled)

304 Stainless steel

2799

26020

99.1-99.2 Fe; 0.18-0.23 C; 0.3-0.6 Mn;
0.04 P; 0.05 S

64.9-70.9 Fe; 18-20 Cr; 8-12 Ni; 1 Sij;
2 Mn; 0.08 C

Nickel-base alloys

L-nickel

A-nickel

Inconel X

B-monel

2620

2855

25350

2370 to 2460

99.5 Ni; 0.2 Mn; 0.05 Fe; 0.02 Cu;j
0.01 C; 0.15 8i; 0.005 8

99.4 Ni; 0.2 Mnj; 0.15 Fe; 0.1 Cu;
0.1 C; 0.05 Si; 0.005 8

73.0 Ni; 15.0 Cr; 2.5 Ti; 7 Fe; 1 Cb;
0.9 Al; 0.7 Mn; 0.04 C; 0.3 Si

67 Ni; 30 Cu; 1.7 Fe; 1.1 Mn; 0.1 C;
0.05 8i; 0.35 S

Copper-base alloys

Copper {ETP)
Bronze (leaded phosphor bronze)
Brass (yellow, Muntz metal)

1981
1€10
1710

99 Cu; 0.04 05
94 Cu; S5 Sn; 1
60 Cu; 40 Zn

Pb

Precious metals

Platinum 217 99.9 Pt
Gold 1650 99.9 An
Silver 1750 99.9 Ag
Lilght metals
Aluminum (Alclad 24ST) 1220 99.9 Al
Magnesium 1202 99.9 Mg
Nonmetals

Mycalex -——— Glass-bonded mica
Mykroy | mme—— Glass~-bonded mica

2 L Magnesium silicate
Morganite 870 Aluminum oxide
Sapphire 5670 Aluminum oxide

17
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TABLE III. - ROCKWELL HARDNESS OF TEST SAMPLES
Material Atmosphere {Test temperature, °F|As-received
Rockwell
500 800 1200 hardness
Rockwell hardness
Refractory metals
Tungsten Cesium 47 46 46 C-46
Vacuum 47 47 45
Molybdenum Cesium 23 21 22 C-23
Vacuum 22 22 22
Iron-base alloys
1020 Steel Cesium 20 19 3 C-18
Vacuum 18 18 5}
304 Stainless steel| Cesium 80 82 77 B-80
Vacuum 79 81 80
Nickel-base alloys
L-nickel Cesium 54 50 40 B-55
Vacuum 52 52 43
A-nickel Cesium 55 67 43 B-54
Vacuum 49 48 40
Inconel X Cesium 78 81 78 B-79
Vacuum 78 80 80
B-monel Cesgium 71 73 66 B-70
Vacuum 70 72 69
Copper-base alloys
Copper Cesium 87 72 72 B-88
Vacuum 92 80 73
Bronze Cesium 62 26 26 B-69
Vacuum 58 20 10
Brass Cesium S4 17 17 B-80
Vacuum 52 19 11
Light metals
Aluminum Cesium 30 30 -- B-68
Vacuum 48 30 -
Magnesium Cesium 94 - -- B-94
Vacuum - — --




TABLE IV. - MICROHARINESS OF TEST SAMPLES
Material Load & Objective | Atmosphere Test temperature, OF |As-received
mg | magni- hardness
fication® 500 800 1200
Diamond-pyramid hardness
Refractory metals
Tungsten 100 50 Cesium |500-550|480-540|500-525 500-550
Vacuum |505-550|475-525|475-535
Molybdenum 100 50 Cesium |255-280|260-285|260-2885 265-285
Vacuum |255-285|225-280|250-275
Tantalum 25 50 Cesium |125-140}100-120|260-320 115-130
Vacuum |115-120{135-160|275-350
Iron-be.se alloys
1020 Steel 100 50 Cesium |225-260[210-240| 90-115 220-250
Vacuum |230-270{225-255|100-110
304 Stainless steel| 100 50 Ceisium |140-160{160-180|150-200 130-160
Va:uum |140-175|140-175}140-160
Nickel-oase alloys
L-nickel 100 50 Cesium |110-120|100-105| 95-110 105-110
Vacuum 95-105 [100-115| 85-95
A-nickel 100 50 Cesium |105-140|105-130|100-125 105-135
Ve.cuum 85-100| 75-110| 90-100
Inconel X 100 50 Cesium |160-180|155-185(175-185 145-175
Vecuum {145-175|140-180(150-165 .
B-monel 100 50 Cegium  |130-155|135-160|130-145 120-140
Vacuum [120-155(105-150|125-135
Copper--base alloys
Copper 100 20 Casium 50-65 50-75 50-55 60-70
Vacuum 50-65 40-55 45-60
Bronze 100 50 Czsium 110-125} 75-90 55-75 135-160
Vacuum 95-125| 85-80 | 55-75
Brass 100 50 Cesium [105-120| 65-90 | 20-30 105-130
Vacuum |110-115| 70-80 25-30
Precious netals
Platinum 25 50 Cesium 50-80 70-100| 85-70 £65-80
Vaecuum 75-80 | 65-85 80-65
Silver 25 50 Cesium 45-55 40-45 25-40 35-50
Tacuumn 35-45 45-60 | 35-40
Gold 25 50 Cesium 40-50 | 45-50 | 35-40 55-65
Vacuum 35-45 25-35 40-45
Light netals
Aluminum S0 20 Cesium 75-85 B7-75 |=====m= 130-150
Vacuum 50-85 75-85 |=emeea=
Magnesium 100 20 Cesium 50-60 45-60 |======= 45-55
Vacuum |===—====-cceren|ceeena—

8Used in obtaining diamond-pyramid hardness.
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TABLE V.

- COMPATTIBILITY

OF VARIOUS MATERTIALS WITH CESTIUM

Material

Cesium attack
at temperatures
of 500°, 800°,

and 1200° F

Remarks

Refractory metals

Tungsten No

Molybdenum No

Tantalum No Susceptible to embrittlement by interstitial
contaminants at 1200° F

Iron-~-base alloys
1020 Steel No Recrystallization and softening at 1200° F
304 Stainless steel o Recrystallization and softening at 1200° F
Nickel-base alloys

L-nickel No Solution of grain-boundary precipitates at
all temperatures

A-nickel No Solution of precilpitates and grain growth at
all temperatures

Inconel X No Vaporization of precipitates from surface
zone at all temperatures

B-monel No Vaporization of alloy constituents at all
temperatures

Copper-~base alloys

Copper Yes Moderate attack of surface

Bronze Yes Moderate attack of surface

Brass Yes Dezincification and gross grain-boundsry
attack

Precious metals

Platinum No

Gold Yes Considerable surface attaeck, particularly
at 800° F¥; extreme grain growth at all
temperatures

Silver Yes Severe grain-boundary attack and extreme
grain growth at all temperatures

Light metals

Aluminum Yes Gross attack of both core and clad at
500° and 800° ¥ (melts near 1200° F)

Magnesium Yes Severe attack of grain boundaries at
500° and 800° ¥ (melts below 1200° F)

Nommetals

Mycalex Yes Sample laminated at 1200° F; slight reaction
at all temperatures

Mykroy Yes Slight reaction at all temperatures

Lava Yes Gross attack of sample core at all temperatures

Morganite No

Sapphire No




*821pnas L£2TTTqR1edWOD-WNTSSD UT PISN JOqWeYDd 383 - T SJIu8T4

Nmmwmtaom

|

I9pTOoY
sTnodwe wnise)y —

Je8untd ﬁmoﬂcwsoma
adfy-smoTTeg

dumnd
WNnoBA OF

SATEA
A1gaeqang

2l



22

Pressure, Torr

102

. 7 ——
H / Temperature,
H °F —
T
] O 500 —
4 / | 800
I (y A 1200 ]
y
I
|
)
)
]
lO"3
|
4
1074
>}
b
q
10-5
0 10 20 30 40
Time after evacuation, hr
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Figure 2. - Pressure rise in test chamber at indicated

temperatures with pumping system closed off.
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(d) At 500° F in cesium. (e) At 800° F in cesium.

Figure 18. - Photomicrographs of aluminum tested for 48 hours at 500° and 800° F. Etch, 10 percent ammonium
persulfate. X150. C-64638

39



6297%9-0
auaTAULd

‘uoag

*0ggzXx opIixogad usFoapALy snTd pIoe OTI3TU snTd TOOATS
"UNTS20 UT 4 o008 PUB o005 3B SINOY 8% JI0JF paisay untssudeuw Jo sydeaBoxoTwoloyd - T SINITJL

‘umissd Ul 4 4008 3V (9) ‘wntssd Ut 4 500S 3V (Q)

40



0%9%9-0
*00TX

*PIOB OTJIONTJOIPAY snTd DPIOB OTJIQTU

¢

uo3g

*TeTIsqeW JUuT3aels

*SanoY g JIO0J P9gssy X9TBIAN JO sydeaBoaotwoqoyd - Qg oandrg

‘UNTS8O UT I ,008 AV (J ‘uUNTSID UT 4 o005 AV ()

fr ity

E

¥

41



T99%9-0 *O0TX ‘PTOB OTJIONTJOJIPAY
snTd proe oTa3Tu snTd pIo® O30T ‘YoFd " SINOY gF IOF Pa3sa3 AOINAW JO sydeaoadTwoloyd - *Tg SIndtg

‘untsed Ul d 5002T 3V (8)

‘unTsad Ul 4 4005 3V ()

LN e Pt

‘unnoeA Ul g 5008 3V (2)

42



‘unndBA Ul g

0002T 3V (P

2¥9%9-0
T00TX

‘U239 oN

TSan0Yy g JI0J P81SSq BABT JO sydeI30I0TWOR0Yg - *322 8andt g

"WNssd UT A 008 3V (J)

E-1866

NASA-Langley, 1963

43





